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COMPOUND 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
preventing an easily polymerizable compound such as 
(meth)acrylic acid or (meth)acrylic ester(s) from polymerization 
tending to occur in its distillation unit during its distillation. 
SOLUTION: This method for preventing an easily 
polymerizable compound from polymerization during distilling 
it using a distillation unit comprises feeding, by an atomizing 
charge means, a liquid substantially identical in composition 
with the liquid existing about the constitutive members to them 
arranged in the interior of the distillation unit; wherein the 
above liquid is set pref. at a temperature below that of the liquid 
existing about the constitutive members. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The polymerization prevention approach of the polymerizability compound characterized by 
supplying the liquid of the same presentation with a atomization injection means substantially with the 
liquid which exists in the perimeter of this configuration member to the configuration member which is 
the approach of distilling a polymerizability compound using a distillation apparatus, and was arranged 
in the interior of a distillation apparatus. 

[Claim 2] The polymerization prevention approach according to claim 1 that the temperature of the liquid 
supplied with said atomization injection means is below the solution temperature around said 
configuration member. 

[Claim 3] The polymerization prevention approach according to claim 1 or 2 which the liquid supplied 
with said atomization injection means is damp, and makes volume more than 0.5m3/m2Hr to the surface 
area of said configuration member. 

[Claim 4] The polymerization prevention approach according to claim 1 to 3 that the liquid supplied with 
said atomization injection means contains polymerization inhibitor. 

[Claim 5] The polymerization prevention approach according to claim 1 to 4 which supplies molecular 
oxygen content gas to said distillation apparatus. 

[Claim 6] The polymerization prevention approach according to claim 1 to 5 that said configuration 
members are tray supporter material, packing supporter material, a flange, a nozzle, an end plate, a tower 
wall, a vapour chimney, a downcomer, a baffle, and a stirring shaft. 

[Claim 7] The polymerization prevention approach according to claim 1 to 6 that said polymerizability 
compounds are an acrylic acid (meta) and/or (meta) acrylic ester. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of preventing the polymerization at the 
time of distilling polymerizability compounds, such as an acrylic acid (meta) and acrylic ester (meta). 
[0002] 

[Description of the Prior Art] Distillation is actuation of condensing the steam which carries out the 
heating evaporation of the raw material liquid which consists of two or more sorts of liquid mixture with 
which the boiling points differ, and makes a low-boiling point component a subject, and performing 
segregation of liquid mixture, and separation of a component is easy for it when the difference in the 
relative volatility between components is great. However, since separation of a component cannot be 
performed by the concentration expected only by making some liquid evaporate and condense usual, it is 
common to distill a low-boiling point component from the overhead, and to take out a high-boiling 
component from a bottom by flowing back on the front face of a plate or packing from the overhead in a 
part of condensate, and contacting appropriately the steam which goes up a distillation apparatus, and the 
liquid which flows down from the overhead. In addition, as a distillation apparatus, there is a reactor 
equipped with the distilling column, and a film evaporator and a distilling column etc., and the capacitor, 
the reboiler, the heat tracing means, etc. are installed if needed. Moreover, in the case of a film 
evaporator, a column may be further installed in the upper part. 

[0003] It is one example of the cross-section explanatory view of the plate type distillation apparatus 1 
currently used widely by distillation of an acrylic acid (meta) or acrylic ester (meta) [it may be hereafter 
called an acrylic acid (meta) etc.], and drawing 1 makes the above-mentioned (meta) acrylic acid etc. a 
subject, it mentions as an example the case where the raw material liquid which contains an acetic acid 
as an impurity is used, and explains it. The above-mentioned raw material liquid is supplied into a 
distillation apparatus from a tower wall (LI), the acetic acid which is a low- boiling point component — a 
column — inner heating — evaporating -- a column — inside is gone up, and after being sent to a 
condenser 2 (L2) and being condensed from the overhead, it is taken out out of a system (L3). On the 
other hand, high-boiling point components, such as an acrylic acid (meta), are sent by degree process 
from a bottom (L4), and some purification liquid is returned to a distillation apparatus through a reboiler 
3 (L5). in addition — a purpose [ raise / since not only the acetic acid that is an impurity but the above- 
mentioned (meta) acrylic acid etc. is included in the condensate / the yield of an acrylic acid (meta) etc. ] 
— carrying out -- the part — reflux — carrying out — a column — a bottom is made to flow down the 
above-mentioned (meta) acrylic acid etc. by being returned inside and carrying out a gas liquid contact 
again within (L6) and a distillation apparatus 

[0004] Moreover, drawing 2 is an example of the explanatory view currently used widely by the reaction 
of acrylic ester (meta). an acrylic acid and the liquid containing alcohol being supplied to the reactor 18 
(meta) which has ion exchange resin as a catalyst (L8), stirring with an agitator 21, and carrying out a 
steam injection at a reactor jacket — (L9) — generation water is driven out as vapor by distillation, 
making it react (L17). The esterified acrylic ester (meta) content liquid is extracted from (L15), and 
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Sends the liquid to -a purification process (LI 6). the distilling column which installed the vapor from a 
reactor 18 in the upper part — supplying (L17) a column — carrying out a gas liquid contact by the 
liquid supply (L10, Lll) from the upper part, liquid, such as ester, an acrylic acid (meta), and alcohol, 
flows down to a reactor (LI 8). a column — after the vapor from the upper part is sent to a condenser 24 
(LI 2) and is condensed, it is sent to the oily water separation tub 23 (LI 3). The aqueous phase after oily 
water separation is discharged (L14), and an oil phase flows back to a distilling column 17 (Lll). 
moreover, the need — responding — a column — alcohol is supplied from the upper part — it is 
constituted like (L10). 

[0005] By the way, as for the above-mentioned (meta) acrylic acid etc., it is common to make the above- 
mentioned raw material liquid and reflux contain polymerization inhibitor, such as hydroquinone and 
phenothiazin, since it is the compound which is very easy to carry out a polymerization, and the 
approach of supplying molecular oxygen content gas from the lower part (L7) of a distillation apparatus 
further, and controlling a polymerization is also adopted. 

[0006] Moreover, the method of preventing that a condensate carries out a polymerization in the 
condition that a steam condenses to JP,63-1 1921, B in a gaseous-phase section container wall etc., and 
there is no polymerization inhibitor in it as except these approaches by installing a heat tracing means 
(for example, heating jacket) in the evaporation side upper and lower sides of a distillation apparatus is 
indicated. 

[0007] However, the polymerization was not necessarily prevented but suspending operation of a 
distillation apparatus and performing removal of a polymerization object according to generating of a 
polymerization, since purification effectiveness falls gradually was performed comparatively frequently. 
[0008] 

[Problem(s) to be Solved by the Invention] In being made paying attention to the above-mentioned 
situation, and distilling polymerizability compounds, such as an acrylic acid (meta) and acrylic ester 
(meta), this invention tends to offer the approach that the polymerization which is easy to generate inside 
a distillation apparatus can be prevented. 
[0009] 

[Means for Solving the Problem] The polymerization prevention approach of this invention which solved 
the above-mentioned technical problem is the approach of distilling a polymerizability compound using a 
distillation apparatus, and let it be a summary to supply the liquid of the same presentation with a 
atomization injection means substantially with the liquid which exists in the perimeter of this 
configuration member to the configuration member arranged in the interior of a distillation apparatus. In 
addition, as for the liquid supplied with said atomization injection means, it is desirable to carry out to 
below the solution temperature around the above-mentioned configuration member (or [ it is the same as 
the temperature of the liquid which exists in a perimeter ] or low). Moreover, it is desirable to get wet 
and to make volume (volume which adhered on the configuration member among those for the liquid 
atomized and supplied, and wet the configuration member) more than 0.5m3/m2Hr to the surface area of 
said configuration member, and, as for the liquid supplied with the above-mentioned atomization 
injection means, it is desirable to recommend to make polymerization inhibitor contain and to supply 
molecular oxygen content gas to the above-mentioned distillation apparatus further. In addition, air 
besides oxygen gas can be used as molecular oxygen content gas. It is desirable that it is 0.01 to 5 
capacity [ of the amount of evaporation steams of the polymerizability compound which exists in a 
gaseous phase (reference condition conversion) ] %, and if the amount of supply (it is the amount of 
supply as oxygen gas when this gas contains components other than oxygen gas) of molecular oxygen 
content gas is 0.02 to 3 capacity %, it is more desirable. 

[0010] As said configuration member, tray supporter material, packing supporter material, a flange, a 
nozzle, end plates (flat shape, a pan form, a half-ellipse form, a semi-sphere, cone bodily shape, etc.), a 
tower wall, a vapour chimney, a downcomer, a baffle, a stirring shaft, etc. are mentioned, and an acrylic 
acid (meta), acrylic ester (meta), etc. can be illustrated as said polymerizability compound. 
[0011] 

[Embodiment of the Invention] In case a polymerizability compound is distilled using a distillation 
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Apparatus, a polymerization is carried out when a polymerizability compound stagnates on the 
configuration member front face inside a distillation apparatus (namely, thing which the same liquid 
stagnates in the same location). Since polymerization inhibitor stagnated as a liquid hardly contained 
when the liquid which the gaseous phase condensed especially stagnated on a configuration member, the 
amount of a polymerization object tended to increase and it had become the cause of making operation 
often stopping. 

[0012] When this invention persons distilled polymerizability compounds, such as an acrylic acid, they 
hit on an idea of what is necessary being just to sprinkle using the liquid of the same presentation 
substantially with the liquid which can prevent the polymerization within a distillation apparatus 
effectively if it distills by [ as there being no stagnation of a liquid ] on the configuration member front 
face inside a distillation apparatus, continues all over a configuration member front face for that purpose, 
and exists in the perimeter of a configuration member to a header and this invention. It is desirable to 
make solution temperature of a spray the same as that of the temperature of the liquid which exists in the 
perimeter of a configuration member furthermore, or to make it low, and if polymerization inhibitor is 
made to contain further, it is desirable, and if molecular oxygen exists in a distillation apparatus, 
effectiveness is much more remarkable. 

[0013] The liquid sprinkled to the configuration member in a distillation apparatus is the liquid of the 
same presentation as substantially as the liquid which exists in the perimeter of a configuration member, 
concrete — feed liquid (raw material liquid) and a column — what is necessary is just to sprinkle some or 
all of these liquids that what is necessary is just to use the extract liquid from inside, reflux, bottom 
circulation liquid (purification liquid), etc. Moreover, as for these liquid, it is more desirable than the 
liquid which exists in the perimeter of a configuration member that a polymerizability compound is low 
concentration or hypoviscosity, and diluting this liquid with water, alcohol, an azeotropy solvent, an 
extract solvent, etc. to extent which does not have a problem in the operation of distillation, and 
sprinkling by carrying out to it at lower concentration or viscosity is recommended. 
[0014] Furthermore, since some supply liquid evaporates and spraying of liquid becomes unstable when 
the temperature of the liquid supplied to a configuration member is higher than the temperature around a 
configuration member, it is desirable to supply the liquid below the ambient temperature of the 
configuration member in a distillation apparatus. In addition, if the temperature of supply liquid is too 
low, since the gas of the perimeter of a configuration member will condense too much and the 
polymerization prevention effectiveness will decrease, as for whenever [ supply solution temperature ], it 
is more desirable than the ambient temperature of the configuration member in a distillation apparatus to 
make it low 0-40 degrees C, and if it is 1-30 degrees C or less, it is more desirable. 
[0015] What is necessary is to know hydroquinone, phenothiazin, METOKINON, manganese acetate, 
nitrosophenol, a cupferron, N-oxyl compound, dibutyl thio carbamic acid copper, etc., to make it 
dissolve in a polymerizability compound, a solvent, etc., and to throw the above-mentioned 
polymerization inhibitor into the supply line of feed liquid, or reflux and bottom circulation liquid as 
polymerization inhibitor, or just to supply in a direct distillation apparatus. In addition, what is necessary 
is to return in a distillation apparatus and just to sprinkle to a configuration member, even if it does not 
newly add polymerization inhibitor since the polymerization inhibitor fed into the distillation apparatus 
usually contains comparatively so much in bottom circulation liquid. 

[0016] When preventing a polymerization, supplying molecular oxygen content gas is recommended. 
The above-mentioned molecular oxygen content gas If an oxygen density is low, while the amount of 
molecule-like oxygen gas required for polymerization prevention will increase and the capacity in 
vacuum devices will become large Since the amount of the polymerization object in a distillation 
apparatus and vacuum devices increases, it is desirable that it is more than the oxygen density (20 - 
21vol%) of air, and if it is 40 - 100vol%, it is more desirable, and if it is 80 - 100vol%, it is much more 
desirable. 

[0017] Liquid is sprinkled with a atomization injection means (spray) so that the whole surface may be 
soaked in homogeneity to the configuration member in a distillation apparatus by this invention 
approach, but although what is necessary is just to set up suitably the conditions of atomization, such as 
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ti type of a spray, and the- number of nozzles, a flow rate, according to the ambient atmosphere in the 
arrangement location of a configuration member, and a distillation apparatus, it is desirable to set up so 
jthat the whole surface of a configuration member may be soaked anyway in homogeneity as much as 
possible. 

[0018] Moreover, spraying volume gets wet to configuration member surface area, if volume is more 
than 0.5m3/m2Hr, it is desirable, if it is more than lm3/m2Hr, it is more desirable, and if it is more than 
2m3/m2Hr, it is much more desirable. In addition, the above-mentioned configuration member surface 
area is an area expressed with D(pi/4) 2 (however, D diameter) about a flange or a nozzle, and a wetted 
area computable in the distance of whenever [ angle-of- divergence / of a liquid spraying nozzle ], and a 
configuration member front face is said about other members. 

[0019] As a configuration member currently arranged in the distillation apparatus, there are tray 
supporter material, packing supporter material, a flange, a nozzle, an end plate, a tower wall, a vapour 
chimney, a downcomer, a baffle, a stirring shaft, etc. In addition, by this invention, including all the 
things currently installed in the distillation apparatus, the inlet port or outlet nozzle of gas or liquid is 
begun, and a manhole, instruments seats (a pressure gage seat, a liquid level connection, temperature 
connection, etc.), etc. are mentioned with a nozzle. It is such a configuration member and polymerization 
generating can be prevented by carrying out the spray of the liquid to the part which the liquid generated 
by condensation of a gaseous phase stagnates, and a polymerization tends to generate, and preventing 
stagnation of liquid. Moreover, a polymerization can be prevented by moving the liquid which has 
stagnated with spray liquid also about the liquid phase section. 

[0020] As a suitable example of the polymerizability compound concerning this invention An acrylic 
acid and acrylic ester (meta) are mentioned. (Meta) As a latter example Methyl ester, ethyl ester, 
isopropyl ester, Although n-propyl ester, isobutyl ester, n-butylester, 2-ethylhexyl ester, 2- hydroxy ethyl 
ester, hydroxy propyl ester, dialkyl aminoethyl ester, etc. are mentioned this invention approach is very 
effective to the acrylic acid which is easy to carry out a polymerization most easily especially (meta). 
[0021] Each drawing 3 -8 is the approximate account Fig. showing the example of this invention, and 
drawing 3 returns the purification liquid drawn from the bottom to a distillation apparatus 1 to the 
manhole 4 established in the lower part of a distillation apparatus 1, and shows how to carry out a spray 
with the atomization injection means 5. Drawing 4 shows how to carry out the spray of the reflux with a 
atomization injection means 9 to have an exhaust nozzle in four places to the end plate 7 arranged in the 
overhead, and/or the vapor line 8 from the overhead to the condenser of degree process. Drawing 5 
shows how to throw in raw material liquid to downcomer 10a of the tray 10 lower part of a plate type 
distillation apparatus. To the vapour chimney 1 1 arranged in order to extract liquid from the middle in a 
distillation apparatus, drawing 6 returns some extract liquid and shows how to carry out a spray with the 
atomization injection means 12. Drawing 7 shows how to carry out the spray of the liquid with the 
atomization injection means 17 to the supporter material 16 of a packed bed 15 in the restoration type 
distillation apparatus 14. Drawing 8 shows how to carry out a spray with the atomization injection means 
25 to the agitator 21, the baffle 20, and the manhole 26 in the reactor which carries out reaction 
distillation. Moreover, by fall to the liquid phase section of not only the polymerization of the liquid 
which the gaseous phase of the gaseous- phase section condensed but spray liquid, drawing 3 -8 make 
migration of liquid cause, they lessen the residence time, and also show the example which prevents a 
polymerization. 

[0022] Hereafter, although an example explains this invention to a detail further, the following example 
is not the thing of the property which limits this invention, and each thing done for a design change 
based on before and the after-mentioned main point is included in the technical range of this invention. 
[0023] 

[Example] The acrylic acid was refined using the distillation apparatus made from stainless steel 
(SUS316) which carried out the interior of the sheave tray made from stainless steel (SUS316) of the 
[example 1] bore of 1300mm, and 50 steps of number of stageses. Overhead temperature under 
distillation was set into 63 degrees C, the pressure was set to 4.7kPa(s) (35mmHg), the temperature of a 
bottom was set as 100 degrees C, and the reflux ratio was set as 1.8. Raw material liquid was made to 
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'contain 50 ppm ofphenothiazins as a polymerization inhibitor, and reflux was made to contain 100 ppm 
of METOKINON. Furthermore, continuous running of the molecular oxygen was supplied and carried 
.out from the bottom under the conditions of 0.3vol(s).% to the amount of overhead vapor (reference 
condition conversion). 

[0024] When 90-degree C liquid was sprinkled in the manhole (path SOOmmphi) of a bottom on the 
whole surface using bottom circulation liquid by the spray of the flow rate (getting wet 2.5m3/m2 of 
volume Hr) of 5001. / hr at that time, it was able to operate favorably for about one month. 
[0025] It distilled like the example except having not performed a spray in the manhole of the [example 
1 of comparison] bottom. Consequently, after working for eight days, the liquid draw became impossible 
from the bottom. It stops, and when checked, about 2kg polymerization object had adhered to the bottom 
section, and it was blocking extract piping of the bottom section. 

[0026] In the [example 2] example 1, it distilled like the example 1 except having not supplied molecular 
oxygen to a bottom. Consequently, after working for 17 days, the draw of liquid became impossible from 
the bottom. It stops, and when checked, about 1kg polymerization object adhered to the bottom section, 
and it was blocking draw piping of the bottom section. Although days of operation are twice [ more than 

1 the example of a comparison, it turns out that it is desirable to supply molecular oxygen. 

[0027] In the [example 3] example 1, it distilled like the example 1 except having made temperature of 
the liquid of a spray into 55 degrees C, and having sprinkled it. Consequently, since the polymerization 
object was checked by the extract liquid after operation on the 25th, when it stopped and checked, about 
0.5kg polymerization object had adhered to the bottom section. 

[0028] Esterification reaction distillation of 2-ethylhexyl alcohol and an acrylic acid was performed 
using the stirred- tank- type reactor with a [example 4] bore [ of 3500mm ], and a body height of 3500mm 
made from stainless steel (SUS316), and the packed column with a bore [ of 1100mm ] installed in the 
upper part, and a restoration height (packing: cascade mini Ring 2 P) of 5000mm made from stainless 
steel (SUS316). the column top temperature under reaction distillation — 43 degrees C and a pressure — 
the reaction temperature of 8kPa(s) (absolute pressure) and a reactor — 90 degrees C carrying out — as 
a catalyst — ion-exchange resin -- using a column — phenothiazin lOOppm from the upper part — from 
the contained 2-ethylhexyl alcohol and the reactor upper part, the acrylic-acid content liquid containing 
200 ppm of METOKINON was supplied. Furthermore, continuous running of the air was supplied and 
carried out from the reactor lower part under the conditions of 0.15vol(s).% to the amount of overhead 
vapor (reference condition conversion). 

[0029] a part of reaction mixture extracted from the reactor at that time — using — two baffles (path 
200mmphi) - respectively - 5001. / hr (getting wet - volume --) When it sprinkled in 1.6m3/m2hr and 
an up manhole (path 500mmphi) with die length of 500mm which gets wet by the spray of 5001. / hr (it 
gets wet and is 1.6m3/m2hr at volume and die length of 500mm which gets wet), it was able to operate 
favorably for about one month. 

[0030] Reaction distillation was performed like the example 3 except having not performed the [example 

2 of comparison] spray. Consequently, since the polymerization object was seen by reaction draw liquid 
after operation on the 20th, when it stopped and checked, about 2kg polymerization object had adhered 
to the baffle, the agitator, and the manhole. 

[0031] 

[Effect of the Invention] In distilling polymerizability compounds, such as an acrylic acid (meta) and 
acrylic ester (meta), since this invention is constituted as mentioned above, the approach of preventing a 
polymerization can be offered. 



[Translation done.] 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the approach of preventing the polymerization at the 
time of distilling polymerizability compounds, such as an acrylic acid (meta) and acrylic ester (meta). 
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PRIOR ART 



[Description of the Prior Art] Distillation is actuation of condensing the steam which carries out the 
heating evaporation of the raw material liquid which consists of two or more sorts of liquid mixture with 
which the boiling points differ, and makes a low-boiling point component a subject, and performing 
segregation of liquid mixture, and separation of a component is easy for it when the difference in the 
relative volatility between components is great. However, since separation of a component cannot be 
performed by the concentration expected only by making some liquid evaporate and condense usual, it is 
common to distill a low-boiling point component from the overhead, and to take out a high-boiling 
component from a bottom by flowing back on the front face of a plate or packing from the overhead in a 
part of condensate, and contacting appropriately the steam which goes up a distillation apparatus, and the 
liquid which flows down from the overhead. In addition, as a distillation apparatus, there is a reactor 
equipped with the distilling column, and a film evaporator and a distilling column etc., and the capacitor, 
the reboiler, the heat tracing means, etc. are installed if needed. Moreover, in the case of a film 
evaporator, a column may be further installed in the upper part. 

[0003] It is one example of the cross- section explanatory view of the plate type distillation apparatus 1 
currently used widely by distillation of an acrylic acid (meta) or acrylic ester (meta) [it may be hereafter 
called an acrylic acid (meta) etc.], and drawing 1 makes the above-mentioned (meta) acrylic acid etc. a 
subject, it mentions as an example the case where the raw material liquid which contains an acetic acid 
as an impurity is used, and explains it. The above-mentioned raw material liquid is supplied into a 
distillation apparatus from a tower wall (LI), the acetic acid which is a low-boiling point component — a 
column — inner heating -- evaporating — a column — inside is gone up, and after being sent to a 
condenser 2 (L2) and being condensed from the overhead, it is taken out out of a system (L3). On the 
other hand, high-boiling point components, such as an acrylic acid (meta), are sent by degree process 
from a bottom (L4), and some purification liquid is returned to a distillation apparatus through a reboiler 
3 (L5). in addition — a purpose [ raise / since not only the acetic acid that is an impurity but the above- 
mentioned (meta) acrylic acid etc. is included in the condensate / the yield of an acrylic acid (meta) etc. ] 
-- carrying out — the part -- reflux — carrying out -- a column — a bottom is made to flow down the 
above-mentioned (meta) acrylic acid etc. by being returned inside and carrying out a gas liquid contact 
again within (L6) and a distillation apparatus 

[0004] Moreover, drawing 2 is an example of the explanatory view currently used widely by the reaction 
of acrylic ester (meta). an acrylic acid and the liquid containing alcohol being supplied to the reactor 18 
(meta) which has ion exchange resin as a catalyst (L8), stirring with an agitator 21, and carrying out a 
steam injection at a reactor jacket — (L9) — generation water is driven out as vapor by distillation, 
making it react (L17). The esterified acrylic ester (meta) content liquid is extracted from (L15), and 
sends the liquid to a purification process (LI 6). the distilling column which installed the vapor from a 
reactor 18 in the upper part — supplying (LI 7) — a column — carrying out a gas liquid contact by the 
liquid supply (L10, Lll) from the upper part, liquid, such as ester, an acrylic acid (meta), and alcohol, 
flows down to a reactor (LI 8). a column — after the vapor from the upper part is sent to a condenser 24 
(LI 2) and is condensed, it is sent to the oily water separation tub 23 (L13). The aqueous phase after oily 
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water separation is* discharged (L14), and an oil phase flows back to a distilling column 17 (Lll). 
moreover, the need — responding — a column -- alcohol is supplied from the upper part it is 
constituted like (L10). 

[0005] By the way, as for the above-mentioned (meta) acrylic acid etc., it is common to make the above- 
mentioned raw material liquid and reflux contain polymerization inhibitor, such as hydroquinone and 
phenothiazin, since it is the compound which is very easy to carry out a polymerization, and the 
approach of supplying molecular oxygen content gas from the lower part (L7) of a distillation apparatus 
further, and controlling a polymerization is also adopted. 

[0006] Moreover, the method of preventing that a condensate carries out a polymerization in the 
condition that a steam condenses to JP,63-1 1921,B in a gaseous-phase section container wall etc., and 
there is no polymerization inhibitor in it as except these approaches by installing a heat tracing means 
(for example, heating jacket) in the evaporation side upper and lower sides of a distillation apparatus is 
indicated. 

[0007] However, the polymerization was not necessarily prevented but suspending operation of a 
distillation apparatus and performing removal of a polymerization object according to generating of a 
polymerization, since purification effectiveness falls gradually was performed comparatively frequently. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] In distilling polymerizability compounds, such as an acrylic acid (meta) and 
acrylic ester (meta), since this invention is constituted as mentioned above, the approach of preventing a 
polymerization can be offered. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] In being made paying attention to the above-mentioned 
situation, and distilling polymerizability compounds, such as an acrylic acid (meta) and acrylic ester 
(meta), this invention tends to offer the approach that the polymerization which is easy to generate inside 
a distillation apparatus can be prevented. 
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MEANS 



[Means for Solving the Problem] The polymerization prevention approach of this invention which solved 
the above-mentioned technical problem is the approach of distilling a polymerizability compound using a 
distillation apparatus, and let it be a summary to supply the liquid of the same presentation with a 
atomization injection means substantially with the liquid which exists in the perimeter of this 
configuration member to the configuration member arranged in the interior of a distillation apparatus. In 
addition, as for the liquid supplied with said atomization injection means, it is desirable to carry out to 
below the solution temperature around the above-mentioned configuration member (or [ it is the same as 
the temperature of the liquid which exists in a perimeter ] or low). Moreover, it is desirable to get wet 
and to make volume (volume which adhered on the configuration member among those for the liquid 
atomized and supplied, and wet the configuration member) more than 0.5m3/m2Hr to the surface area of 
said configuration member, and, as for the liquid supplied with the above-mentioned atomization 
injection means, it is desirable to recommend to make polymerization inhibitor contain and to supply 
molecular oxygen content gas to the above-mentioned distillation apparatus further. In addition, air 
besides oxygen gas can be used as molecular oxygen content gas. It is desirable that it is 0.01 to 5 
capacity [ of the amount of evaporation steams of the polymerizability compound which exists in a 
gaseous phase (reference condition conversion) ] %, and if the amount of supply (it is the amount of 
supply as oxygen gas when this gas contains components other than oxygen gas) of molecular oxygen 
content gas is 0.02 to 3 capacity %, it is more desirable. 

[0010] As said configuration member, tray supporter material, packing supporter material, a flange, a 
nozzle, end plates (flat shape, a pan form, a half-ellipse form, a semi-sphere, cone bodily shape, etc.), a 
tower wall, a vapour chimney, a downcomer, a baffle, a stirring shaft, etc. are mentioned, and an acrylic 
acid (meta), acrylic ester (meta), etc. can be illustrated as said polymerizability compound. 
[0011] 

[Embodiment of the Invention] In case a polymerizability compound is distilled using a distillation 
apparatus, a polymerization is carried out when a polymerizability compound stagnates on the 
configuration member front face inside a distillation apparatus (namely, thing which the same liquid 
stagnates in the same location). Since polymerization inhibitor stagnated as a liquid hardly contained 
when the liquid which the gaseous phase condensed especially stagnated on a configuration member, the 
amount of a polymerization object tended to increase and it had become the cause of making operation 
often stopping. 

[0012] When this invention persons distilled polymerizability compounds, such as an acrylic acid, they 
hit on an idea of what is necessary being just to sprinkle using the liquid of the same presentation 
substantially with the liquid which can prevent the polymerization within a distillation apparatus 
effectively if it distills by [ as there being no stagnation of a liquid ] on the configuration member front 
face inside a distillation apparatus, continues all over a configuration member front face for that purpose, 
and exists in the perimeter of a configuration member to a header and this invention. It is desirable to 
make solution temperature of a spray the same as that of the temperature of the liquid which exists in the 
perimeter of a configuration member furthermore, or to make it low, and if polymerization inhibitor is 
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"made to contain further, it is desirable, and if molecular oxygen exists in a distillation apparatus, 
effectiveness is much more remarkable. 

.[0013] The liquid sprinkled to the configuration member in a distillation apparatus is the liquid of the 
same presentation as substantially as the liquid which exists in the perimeter of a configuration member, 
concrete — feed liquid (raw material liquid) and a column — what is necessary is just to sprinkle some or 
all of these liquids that what is necessary is just to use the extract liquid from inside, reflux, bottom 
circulation liquid (purification liquid), etc. Moreover, as for these liquid, it is more desirable than the 
liquid which exists in the perimeter of a configuration member that a polymerizability compound is low 
concentration or hypoviscosity, and diluting this liquid with water, alcohol, an azeotropy solvent, an 
extract solvent, etc. to extent which does not have a problem in the operation of distillation, and 
sprinkling by carrying out to it at lower concentration or viscosity is recommended. 
[0014] Furthermore, since some supply liquid evaporates and spraying of liquid becomes unstable when 
the temperature of the liquid supplied to a configuration member is higher than the temperature around a 
configuration member, it is desirable to supply the liquid below the ambient temperature of the 
configuration member in a distillation apparatus. In addition, if the temperature of supply liquid is too 
low, since the gas of the perimeter of a configuration member will condense too much and the 
polymerization prevention effectiveness will decrease, as for whenever [ supply solution temperature ], it 
is more desirable than the ambient temperature of the configuration member in a distillation apparatus to 
make it low 0-40 degrees C, and if it is 1-30 degrees C or less, it is more desirable. 
[0015] What is necessary is to know hydroquinone, phenothiazin, METOKINON, manganese acetate, 
nitrosophenol, a cupferron, N-oxyl compound, dibutyl thio carbamic acid copper, etc., to make it 
dissolve in a polymerizability compound, a solvent, etc., and to throw the above-mentioned 
polymerization inhibitor into the supply line of feed liquid, or reflux and bottom circulation liquid as 
polymerization inhibitor, or just to supply in a direct distillation apparatus. In addition, what is necessary 
is to return in a distillation apparatus and just to sprinkle to a configuration member, even if it does not 
newly add polymerization inhibitor since the polymerization inhibitor fed into the distillation apparatus 
usually contains comparatively so much in bottom circulation liquid. 

[0016] When preventing a polymerization, supplying molecular oxygen content gas is recommended. 
The above-mentioned molecular oxygen content gas If an oxygen density is low, while the amount of 
molecule-like oxygen gas required for polymerization prevention will increase and the capacity in 
vacuum devices will become large Since the amount of the polymerization object in a distillation 
apparatus and vacuum devices increases, it is desirable that it is more than the oxygen density (20 - 
21vol%) of air, and if it is 40 - 100vol%, it is more desirable, and if it is 80 - 100vol%, it is much more 
desirable. 

[0017] Liquid is sprinkled with a atomization injection means (spray) so that the whole surface may be 
soaked in homogeneity to the configuration member in a distillation apparatus by this invention 
approach, but although what is necessary is just to set up suitably the conditions of atomization, such as 
a type of a spray, and the number of nozzles, a flow rate, according to the ambient atmosphere in the 
arrangement location of a configuration member, and a distillation apparatus, it is desirable to set up so 
that the whole surface of a configuration member may be soaked anyway in homogeneity as much as 
possible. 

[0018] Moreover, spraying volume gets wet to configuration member surface area, if volume is more 
than 0.5m3/m2Hr, it is desirable, if it is more than lm3/m2Hr, it is more desirable, and if it is more than 
2m3/m2Hr, it is much more desirable. In addition, the above-mentioned configuration member surface 
area is an area expressed with D(pi/4) 2 (however, D diameter) about a flange or a nozzle, and a wetted 
area computable in the distance of whenever [ angle-of-divergence / of a liquid spraying nozzle ], and a 
configuration member front face is said about other members. 

[0019] As a configuration member currently arranged in the distillation apparatus, there are tray 
supporter material, packing supporter material, a flange, a nozzle, an end plate, a tower wall, a vapour 
chimney, a downcomer, a baffle, a stirring shaft, etc. In addition, by this invention, including all the 
things currently installed in the distillation apparatus, the inlet port or outlet nozzle of gas or liquid is 
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"begun, and a manhole, instruments seats (a pressure gage seat, a liquid level connection, temperature 
connection, etc.), etc. are mentioned with a nozzle. It is such a configuration member and polymerization 
.generating can be prevented by carrying out the spray of the liquid to the part which the liquid generated 
by condensation of a gaseous phase stagnates, and a polymerization tends to generate, and preventing 
stagnation of liquid. Moreover, a polymerization can be prevented by moving the liquid which has 
stagnated with spray liquid also about the liquid phase section. 

[0020] As a suitable example of the polymerizability compound concerning this invention An acrylic 
acid and acrylic ester (meta) are mentioned. (Meta) As a latter example Methyl ester, ethyl ester, 
isopropyl ester, Although n-propyl ester, isobutyl ester, n-butylester, 2-ethyIhexyl ester, 2- hydroxy ethyl 
ester, hydroxy propyl ester, dialkyl aminoethyl ester, etc. are mentioned this invention approach is very 
effective to the acrylic acid which is easy to carry out a polymerization most easily especially (meta). 
[0021] Each drawing 3 -8 is the approximate account Fig. showing the example of this invention, and 
drawing 3 returns the purification liquid drawn from the bottom to a distillation apparatus 1 to the 
manhole 4 established in the lower part of a distillation apparatus 1, and shows how to carry out a spray 
with the atomization injection means 5. Drawing 4 shows how to carry out the spray of the reflux with a 
atomization injection means 9 to have an exhaust nozzle in four places to the end plate 7 arranged in the 
overhead, and/or the vapor line 8 from the overhead to the condenser of degree process. Drawing 5 
shows how to throw in raw material liquid to downcomer 10a of the tray 10 lower part of a plate type 
distillation apparatus. To the vapour chimney 1 1 arranged in order to extract liquid from the middle in a 
distillation apparatus, drawing 6 returns some extract liquid and shows how to carry out a spray with the 
atomization injection means 12. Drawing 7 shows how to carry out the spray of the liquid with the 
atomization injection means 17 to the supporter material 16 of a packed bed 15 in the restoration type 
distillation apparatus 14. Drawing 8 shows how to carry out a spray with the atomization injection means 
25 to the agitator 21, the baffle 20, and the manhole 26 in the reactor which carries out reaction 
distillation. Moreover, by fall to the liquid phase section of not only the polymerization of the liquid 
which the gaseous phase of the gaseous-phase section condensed but spray liquid, drawing 3 -8 make 
migration of liquid cause, they lessen the residence time, and also show the example which prevents a 
polymerization. 

[0022] Hereafter, although an example explains this invention to a detail further, the following example 
is not the thing of the property which limits this invention, and each thing done for a design change 
based on before and the after- mentioned main point is included in the technical range of this invention. 
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EXAMPLE 



[Example] The acrylic acid was refined using the distillation apparatus made from stainless steel 
(SUS316) which carried out the interior of the sheave tray made from stainless steel (SUS316) of the 
[example 1] bore of 1300mm, and 50 steps of number of stageses. Overhead temperature under 
distillation was set into 63 degrees C, the pressure was set to 4.7kPa(s) (35mmHg), the temperature of a 
bottom was set as 100 degrees C, and the reflux ratio was set as 1.8. Raw material liquid was made to 
contain 50 ppm of phenothiazins as a polymerization inhibitor, and reflux was made to contain 100 ppm 
of METOKINON. Furthermore, continuous running of the molecular oxygen was supplied and carried 
out from the bottom under the conditions of 0.3vol(s).% to the amount of overhead vapor (reference 
condition conversion). 

[0024] When 90-degree C liquid was sprinkled in the manhole (path 500mmphi) of a bottom on the 
whole surface using bottom circulation liquid by the spray of the flow rate (getting wet 2.5m3/m2 of 
volume Hr) of 5001. / hr at that time, it was able to operate favorably for about one month. 
[0025] It distilled like the example except having not performed a spray in the manhole of the [example 
1 of comparison] bottom. Consequently, after working for eight days, the liquid draw became impossible 
from the bottom. It stops, and when checked, about 2kg polymerization object had adhered to the bottom 
section, and it was blocking extract piping of the bottom section. 

[0026] In the [example 2] example 1, it distilled like the example 1 except having not supplied molecular 
oxygen to a bottom. Consequently, after working for 17 days, the draw of liquid became impossible from 
the bottom. It stops, and when checked, about 1kg polymerization object adhered to the bottom section, 
and it was blocking draw piping of the bottom section. Although days of operation are twice [ more than 
] the example of a comparison, it turns out that it is desirable to supply molecular oxygen. 
[0027] In the [example 3] example 1, it distilled like the example 1 except having made temperature of 
the liquid of a spray into 55 degrees C, and having sprinkled it. Consequently, since the polymerization 
object was checked by the extract liquid after operation on the 25th, when it stopped and checked, about 
0.5kg polymerization object had adhered to the bottom section. 

[0028] Esterification reaction distillation of 2-ethylhexyl alcohol and an acrylic acid was performed 
using the stirred- tank- type reactor with a [example 4] bore [ of 3500mm ], and a body height of 3500mm 
made from stainless steel (SUS316), and the packed column with a bore [ of 1100mm ] installed in the 
upper part, and a restoration height (packing: cascade mini Ring 2 P) of 5000mm made from stainless 
steel (SUS316). the column top temperature under reaction distillation — 43 degrees C and a pressure — 
the reaction temperature of 8kPa(s) (absolute pressure) and a reactor — 90 degrees C — carrying out -- as 
a catalyst -- ion-exchange resin — using — a column — phenothiazin lOOppm from the upper part — from 
the contained 2-ethylhexyl alcohol and the reactor upper part, the acrylic-acid content liquid containing 
200 ppm of METOKINON was supplied. Furthermore, continuous running of the air was supplied and 
carried out from the reactor lower part under the conditions of 0.15vol(s).% to the amount of overhead 
vapor (reference condition conversion). 

[0029] a part of reaction mixture extracted from the reactor at that time — using — two baffles (path 
200mmphi) - respectively - 5001. / hr (getting wet - volume --) When it sprinkled in 1.6m3/m2hr and 
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an up manhole (path 500mmphi) with die length of 500mm which gets wet by the spray of 5001. / hr (it 
"gets wet and is 1.6m3/m2hr at volume and die length of 500mm which gets wet), it was able to operate 
.favorably for about one month. 

[0030] Reaction distillation was performed like the example 3 except having not performed the [example 
2 of comparison] spray. Consequently, since the polymerization object was seen by reaction draw liquid 
after operation on the 20th, when it stopped and checked, about 2kg polymerization object had adhered 
to the baffle, the agitator, and the manhole. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 
[Drawing 1] It is the approximate account 
approach. 

1 Drawing 21 It is the approximate account 
concerning this invention. 
[Drawing 3] It is the approximate account 
concerning this invention. 
[Drawing 41 It is the approximate account 
concerning this invention. 
[Drawing 51 It is the approximate account 
concerning this invention. 
[Drawing 61 It is the approximate account 
concerning this invention. 
[Drawing 7) It is the approximate account 
concerning this invention. 
[Drawing 81 It is the approximate account 
concerning this invention. 
[Description of Notations] 

1 Distillation Apparatus 

2 Condenser 

3 Reboiler 

4 Manhole 

5 Atomization Injection Means 

6 Pump 

7 End Plate 

8 Vapor Line 

9 Atomization Injection Means 

10 Tray 

10a Downcomer 

1 1 Vapour Chimney 

12 Atomization Injection Means 

13 Pump 

14 Restoration Type Distillation Apparatus 

15 Packed Bed 

16 Supporter Material 

17 Atomization Injection Means 

1 8 Reactor 

19 Distilling Column 
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-20 Baffle 
"21 Agitator 
.22 Pump 

23 Oily Water Separation Tub 

24 Condenser 

25 Atomization Injection Means 

26 Manhole 
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English translation of Japanese Patent Application Laid-Open 
(KOKAI) No. 47-10614 (Laid Open Date; May 27, 1972) 

1, TITLE OF THE INVENTION 

PROCESS FOR PRODUCING ACRYLIC ACID 

2. SCOPE OF THE INVENTION: 

1. A process for producing acrylic acid comprising a 
first reaction stage of oxidizing propylene into 
substantially acrolein in a reaction tube filled with a 
catalyst by using a mixed gas containing an inert diluting 
gas containing elementary oxygen and water vapor; and a 
second reaction stage of further oxidizing the acrolein into 
acrylic acid, wherein the propylene is oxidized under such a 
condition that an initial concentration of the propylene is 
more than 2 mol% based on a starting mixed gas, and at both 
the reaction stages, a space load in each reaction stage is 
controlled to more than 60 L/hr propylene per 1 L of the 
catalyst, 

characterized in that an activity of the catalyst is 
changed through the two stages so as to increase up to 100% 
either continuously or stepwise from an inlet of the 
reaction tube along the direction of the reaction tube, and 
a reaction waste gas from which a majority of a condensable 
gas obtained in an outlet of the second reaction stage is 
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removed, is re-fed to the first reaction stage in place of a 
part or a whole of the water vapor as the inert diluting gas. 

3. DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to a process for 
producing acrylic acid by subjecting propylene to a two- 
stage oxidation via an intermediate stage for obtaining 
acrolein therefrom, using an oxidation catalyst. 

It is known that propylene is oxidized in a gas phase 
on a solid catalyst in the presence of an oxygen-containing 
gas and water vapor at an enhanced temperature to produce 
acrylic acid. In this case, the propylene is oxidized 
mainly into acrolein at a first stage, and then the 
resultant reaction mixed gas is oxidized in a second stage 
on a second catalyst without separating the acrolein 
therefrom to produce acrylic acid. 

For the first stage, there have been proposed the 
catalyst systems containing elements belonging to Groups IVa 
to Via, VIII and IVb to Vllb of the Periodic Table. Among 
these catalyst systems, tellurium-containing catalysts 
(those catalysts containing tellurium dioxide or telluric 
acid or catalysts of this type containing bismuth or 
antimony and optionally phosphorus) are more excellent, in 
particular, because of a high selectivity to production of 
acrolein at a relatively low both temperature of a nitre 



bath reactor normally used for the reaction. In this case, 
there may also be used catalysts containing molybdenum, 
tungsten and tellurium oxide, or cobalt, molybdenum and 
tellurium oxide. The other proposed catalysts contain, for 
example, iron, tin, antimony and vanadium, or nickel, cobalt 
iron, bismuth, phosphorus and molybdenum, in addition to 
oxygen, and samarium oxide and tantalum oxide are optionally 
added thereto in some cases. The production and use of the 
above catalyst systems for oxidizing propylene into acrolein 
are described, for example, in the specifications of German 
Patent Applications Nos. P 15 42 030.1 and P 16 43 737.9. 

Although the oxidation catalysts containing the 
elements selected from the above groups are also preferably 
used for the second stage, there is generally such a 
limitation that the elements belonging to the Groups Va and 
Via of the Periodic Table should not be used, in particular, 
none or only a slight amount of selenium or tellurium should 
be used, in order to further oxidize and convert acrolein 
into acrylic acid as completely as possible. The 
conventionally known catalysts contain, for example, cobalt 
and molybdenum, or molybdenum, tungsten and vanadium, or tin 
antimony and molybdenum, in addition to oxygen. 

The catalyst used advantageously contains, in addition 
to oxygen, molybdenum, tungsten, as well as iron and(/or) 
nickel and(/or) manganese and(/or) copper and optionally 
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vanadium. The production of the catalyst and the use 
thereof for oxidizing acrolein into acrylic acid are 
described in the specifications of German Patent Application 
Nos. P 16 18 133.2 and P 19 08 965.7. 

The teachings of the above literatures aim at finally 
achieving production of acrylic acid with as high an 
absolute yield as possible relative to propylene. However, 
other problems which are also important for conducting the 
above process are not taken into consideration to a 
sufficient extent. 

The most important problems are a space time yield and 
a concentration of acrylic acid in the resultant condensate. 
In the experiments using industrial apparatuses , it has been 
considerably difficult to produce the acrylic acid with a 
high space time yield and a high concentration. In the 
industrial singe-stage or multi-stage method for synthesis 
of acrylic acid by a gas phase oxidation, rapid removal of 
reaction heat locally generated which is required to attain 
a high conversion rate of propylene in one passage becomes 
possible only by taking a too uneconomical measure for 
solving the problem. For example, by selecting a reaction 
tube having a narrow section or operating at a low 
temperature, therefore, under a low catalyst load and a low 
tube load (linear gas velocity), and further diluting the 
gas to be oxidized with a large amount (up to 4 0% by volume) 



5 



of water vapor , the process must be protected against 
explosive combustion on the catalyst or at least excessive 
oxidation by which undesirable byproducts are produced. The 
acrylic acid may be obtained with a relatively high absolute 
yield which reaches not less than 50% of a theoretical value 
thereof relative to propylene used. However, in order to 
achieve such a high yield , it is required to conduct the 
process under a low space load (long residence time), and 
further since the acrylic acid is produced only in the form 
of an extremely dilute aqueous solution, uneconomically high 
energy costs and investments are required. 

The technical tendency has been directed to enhancement 
of space time yield so as to achieve an economical process 
as a whole according to such a guideline that enables high 
absolute yield only by one passage as attained by 
conventional endeavors. An object of the present invention 
is to develop a safe oxidation method capable of minimizing 
the above excessive oxidation and surely preventing the 
explosive combustion process. 

The present inventors have found that the above object 
can be achieved by a process for producing acrylic acid 
comprising a first reaction stage of oxidizing propylene 
into substantially acrolein in a reaction tube filled with a 
catalyst by using a mixed gas containing an inert diluting 
gas containing elementary oxygen and water vapor; and a 
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second reaction stage of further oxidizing the acrolein into 
acrylic acid, wherein the propylene is oxidized under such a 
condition that an initial concentration of the propylene is 
more than 2 mol% based on a starting mixed gas, and at both 
the reaction stages, a space load in each reaction stage is 
controlled to more than 60 L/hr propylene per 1 L of the 
catalyst, 

characterized in that an activity of the catalyst is 
changed through the two stages so as to increase up to 100% 
either continuously or stepwise from an inlet to an outlet 
of the reaction tube, and a reaction waste gas from which a 
majority of a condensable gas obtained in an outlet of the 
second reaction stage is removed, is re-fed to the first 
reaction stage in place of a part or a whole of the water 
vapor as the inert diluting gas. 

According to the above process, it is possible to 
prevent the resultant acrylic acid to be produced in the 
form of a dilute solution in which the acrylic acid is 
diluted with a too large amount of water. Therefore, the 
finish treatment for obtaining pure acrylic acid requires 
only an extremely short time and an extremely slight energy 
consumption. As a matter of course, as far as technical 
preconception of the processes of the above type is 
concerned, it has been considered that the absolute yield is 
remarkably deteriorated due to the dilution of an active 
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catalyst substance. However, unexpectedly, the results are 
different from the above preconception. According to the 
process of the present invention, in the reaction system of 
the above type, a substantially high space load can be 
attained, i.e., the amount of materials passed therethrough 
can be remarkably enhanced without any risks. In the 
process of the present invention, it is possible to obtain 
an absolute yield of about 50% relative to propylene used, 
similarly to the conventional processes. 

The still other advantage of diluting the catalyst 
resides in that water vapor used for the synthesis is 
replaced with the fed-back reaction gas having a remarkably 
small heat capacity as compared to water vapor as known in 
the art, thereby preventing occurrence of risks of excessive 
oxidation and local overheating. With this advantage, the 
process of the present invention can be considerably 
improved in economy as compared to the conventional 
processes. This is because acrylic acid can be produced at 
a concentration of 50% by weight in the obtained condensate 
by the second means. 

The process of the present invention is more 
specifically performed as follows. First, the concentration 
of propylene is controlled to more than 2 mol% based on a 
starting mixture, and the bath temperature as required is 
selected such that the rate of conversion of propylene or 
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acrolein exceeds 80 to 85 mol% irrespective of the specific 
catalyst system under a space load of more than 60 L/hr 
propylene . 

In order to react the mixed gas, the active catalyst 
substance is diluted with an inert material to reduce a 
catalytic activity thereof. In this case, the diluting 
procedure is performed such that the activity of the 
catalyst is increased up to 100% either continuously or 
stepwise from an inlet to an outlet of the reaction tube. 
However, the activity of the catalyst preferably already 
reaches 100% prior to the end of the reaction tube. In this 
case, 5 to 50% by weight of the catalyst substance based on 
the whole catalyst substance is preferably diluted by the 
method of the present invention. In such a procedure, in 
particular, the dilution of 10 to 30% by weight of the 
catalyst substance is interested from the industrial 
viewpoints. In other words, the activity of the catalyst 
substance located subsequent to the position corresponding 
to a half length or shorter of the reaction tube prefex~ably 
already reaches 100%. In the portion of the catalyst 
substance to be diluted, the degree of increase in dilution 
thereof depends upon a linear velocity of the gas. When the 
gas linear velocity becomes higher, in order to avoid 
occurrence of uncontrollable local temperature rise, the 
activity of the catalyst substance must be remarkably 
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reduced at an initial portion of the reaction tube. In 
accordance with the present invention, it is preferred that 
the activity or the content of an active substance in the 
layer to be diluted is increased from 0 to 100% as measured 
at a gas linear velocity of more than 60 cm/ sec in an empty 
reaction tube. More preferably, after starting from the 
dilution of 25 to 75% of the active substance, the content 
of the active substance is increased to 100%. The diluent 
used for the above dilution is required to .be selected from 
those substances inert to the reaction which have a heat 
stability withstanding a temperature of at least 600°C and 
preferably up to 700°C, are possibly made of a non-porous 
material and further free from formation of compounds with 
the catalyst component under the reaction conditions. 
Examples of the suitable diluent include oxide of aluminum, 
zirconium, titanium, magnesium or silicon which are treated 
at a high temperature, as well as silicates and 
aluminosilicates which are fused at a high temperature, 
electrode graphite, cement substances, and sintered 
materials fused at a high temperature. Among these 
substances, preferred are steatite, a-alumina and silicon 
carbide. 

The dilution is preferably conducted by mixing a 
catalyst molded product with a molded product made of an 
inert material having the same or substantially same size as 
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that of the catalyst molded product, or by first mixing the 
catalyst material and inert material both in the form of 
fine particles with each other and then molding the 
resultant mixture of these fine particles. 

The reaction gas obtained after completion of the 
second reaction stage from which acrylic acid, water vapor 
and other condensable products are removed by cooling is 
added and mixed in the starting mixed gas fed to the first 
reaction stage which is almost composed of propylene, air 
and optionally water vapor. The mixing method and the 
amount of the reaction gas mixed may be determined in view 
of unreacted propylene and oxygen contained in the fed-back 
reaction waste gas such that the concentration of propylene 
prior to an inlet of the first catalyst layer is not less 
than 2 mol% and preferably 4 to 8 mol% based on the whole 
mixed gas, and the molar ratio between propylene, oxygen and 
water is 1: 1 . 5 to 4 : 0 to 3 and preferably 1: 2 to 3 : 0 to 
2. 

In the process of the present invention, it is 
advantageous that the catalyst used in the first reaction 
stage contains molybdenum, tungsten and tellurium in 
addition to oxygen, and has an atomic ratio of molybdenum to 
tungsten of 0.03 to 40: 1 and preferably 0.2 to 25: 1, a 
tellurium content of 0.2 to 2% by weight and preferably 0.5 
to 1.8% by weight, whereas the catalyst used in the second 
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reaction stage contains molybdenum, tungsten, and iron 
and (/or) nickel and (/or) manganese and (/or) copper in 
addition to oxygen and further optionally contains vanadium, 
and has an atomic ratio between molybdenum, tungsten and 
iron [nickel, manganese and (/or) copper] of 1 to 20:0.01 to 
10:1 and preferably 2 to 10: 0.1 to 2: 1, and an atomic 
ratio of molybdenum to vanadium of 6: 6 to 0 . 2 and 
preferably 6: 0.5 to 4. Further f other ordinary catalysts 
for oxidizing propylene into acrolein or oxidizing acrolein 
into acrylic acid may also be suitably used in the first and 
second reaction stages of the process of the present 
invention. Examples of the catalysts include those 
catalysts described in German Patent Nos. 1924496 and 200425, 
Belgian Patent Nos. 689720, 746202 and 738250, Netherlands 
Patent Application Laid-open No. 70.11603 and Japanese 
Patent Publication (KOKOKU) No. 45-22525(1970). 

According to the process of the present invention, in 
the respective reaction stages, the bath temperature 
corresponding to a rate of conversion of not less than 80%, 
in particular, not less than 85%, and a yield of acrylic 
acid of 45 to 50 mol% can be realized under a tube load as 
high as not less than 60 L/hr propylene and preferably not 
less than 100 L/hr propylene per 1 L of the catalyst (L: 
each measured under normal condition) and at a gas linear 
velocity of not less than 60 cm/sec and preferably 100 
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cm/sec as measured in an empty reaction tube. 

Examples 1 to 9; 

In the following examples, it was indicated that when 
passing the reaction gas over the catalyst which was used 
initially under a considerably diluted condition and then at 
a continuously or stepwise increased concentration according 
to the process of the present invention, the space time 
yield was as high as about 2 to 3 times that obtained in the 
case of using a non-diluted catalyst. In this process, the 
space time yield was no longer enhanced by re-feed of a flue 
gas or a part thereof (Example 9) and substitution of water 
vapor associated therewith. On the contrary, the 
concentration of acrylic acid in the obtained aqueous 
solution was increased to 2 times. 

The experiment was performed in detail as follows. A 
nitrogen mixture containing propylene (98%), air, water 
vapor and optionally 1.8% by volume of carbon monoxide was 
passed through a two-stage apparatus constituted from two 
tubes each having a length of 4 m and a diameter of 25 mm 
which were connected in series with each other. The 
respective tubes were placed in an electrically heatable 
salt bath capable of being agitated. Gases entering the 
tubes were respectively passed through a heat exchanger and 
preheated or pre-cooled to substantially a temperature of 
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the salt bath. A hot reaction gas having a temperature of 
200 to 300°C which was discharged from the second reaction 
stage was cooled in a two stage quenching system by using 
the obtained condensate. The tube used in the first 
reaction stage was filled with a 

molybdenum/tungsten/tellurium catalyst , whereas the tube 
used in the second reaction stage was filled with a 
molybdenum/tungsten/vanadium/iron catalyst , and these 
catalysts were changed into the tubes of the respective 
reaction stages in the form of tablets each having a size of 
3x3 mm. The charged materials were respectively diluted 
in the inlet layer by using steatite balls each having a 
diameter of 3 mm. 

The conversion rates, acrylic acid yields , residual 
acrolein yields after the second reaction stage , space time 
yields and concentrations of acrylic acid in the obtained 
condensates with respect to catalyst amounts, dilution 
ratios, gas amounts and amounts of propylene (98%) entering 
the first reaction stage are shown in detail in Table 1. 
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Table 1 



Examples 


Amount of catalyst in each reaction tube (mL) 


Tube 1 


Tube 2 


1 


600 (active substance: 
100% by volume) 


300 (active substance: 
100% by volume) 


2 


luuu ( active suDstance : 
100% by volume) 


500 (active substance: 
100% by volume) 


3 


4tuu (active suDstdnce: 
25% by volume) 


500 (active substance: 
100% by volume) 


900 (active substance: 
100% by volume) 




4 


400 (active substance: 
25% by volume) 


400 (active substance: 
25% by volume) 


900 (active substance: 
100% by volume) 


400 (active substance: 
100% by volume) 


5 


4 00 (active substance: 
25% by volume) 


400 (active substance: 
25% by volume) 


111111 / 3 "4"" T T T<**S oil O a T*l /"> • 

11UU [ dC ulvc suds Ldnce . 

100% by volume) 


500 (active substance: 
100% by volume) 


6 


200 (active substance: 
25% by volume) 


400 (active substance: 
25% by volume) 


150 (active substance: 
33% by volume) 


700 (active substance: 
100% by volume) 


100 (active substance: 
50% by volume) 




1050 (active substance: 
100% by volume) 
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Table 1 (continued) 



Examples 


Amount of catalyst in each reaction tube (mL) 


Tube 1 


Tube 2 


7 


200 ( active substance : 
25% by volume) 


400 (active substance: 
25% by volume) 


150 (active substance: 
33% by volume) 


700 (active substance: 
100% by volume) 


100 (active substance: 
50% by volume) 




1050 (active substance: 
100% by volume) 
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120 (active substance: 
25% by volume) 


120 (active substance: 
25% by volume) 


210 (active substance: 
33% by volume) 


210 (active substance: 
33% by volume) 


140 (active substance: 
50% by volume) 


140 (active substance: 
50% by volume) 


1030 (active substance: 
100% by volume) 


630 (active substance: 
100% by volume) 


9 


120 (active substance: 
25% by volume) 


120 (active substance: 
25% by volume) 


210 (active substance: 
33% by volume) 


210 (active substance: 
33% by volume) 


140 (active substance: 
5 0% by volume) 


140 (active substance: 
50% by volume) 


1030 (active substance: 
100% by volume) 


630 (active substance: 
100% by volume) 
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Table 1 (continued) 



Examples 


Amount of gas (L/hr) 


C 3 H 6 


Air 


H 2 0 


N 2 /Co 


1 


36 


420 


196 




2 


60 


720 


336 




3 


60 


720 


336 




4 


60 


720 


336 




5 


90 


1080 


504 




6 


120 


1440 


660 




7 


120 


1440 


390 




8 j 


120 


1440 


820 




9 


120 


1440 


147 


824 



Table 1 (continued) 



Examples 


Bath temperature (°C) 


Conversion rate 
of C 3 H 6 
(mol%) 


Tube 1 


Tube 2 


1 


340 


250 


92 


2 


340 


250 


88 


3 


325 


260 


94 


4 


330 


270 


95 


5 


325 


271 


92 


6 


342 


255 


94 


L 7 


330 


256 


89 


8 


340 


272 


95 


9 


335 


272 


92 
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Table 1 (continued) 



examples 


Yield (mol%) 


Space time 
yield/ day 
per eacn 

UUUc 
a. _i_ jv y y 


Concentration 
of acrylic 

acid in 
conaensate 


Acrylic 
acid 


Acrolein 
as residue 


i 


45 


4 


l.l 


18-20 


2 


30/40 


3 


1.2/1.8 


3 


55 


1.6 


2.2 


4 


58 


1.1 


2.3 


5 


56 


1.1 


3.4 


6 


60 


1.5 


5.6 


24.5 


7 


53 


1.3 


4.4 


30 


8 


53 


1.4 


4.4 


20.3 


9 


53 


1.5 


4.4 


43.6 



Examples 10 to 17: 

Using a catalyst produced by known formulation, a 
mixture containing a fresh propylene , a fresh air and a 
circulated gas which was composed of 100 parts by volume of 
propylene , 252 parts by volume of oxygen, 50 parts by volume 
of water vapor and 172 8 parts by volume of an inert gas 
(essentially composed of nitrogen containing a slight amount 
of carbon monoxide) which all were represented by total 
amounts per one hour, was passed through two reaction tubes 
connected in series with each other, and oxidized therein in 
a two-stage manner at temperatures shown in Table 2. The 
compositions of the respective catalysts used are also shown 
in Table 2. The catalyst used in the first reaction stage 
was constituted from 0.019 part by volume of a 25% activated 
component, 0.12 part by volume of a 50% activated component 
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and 0.91 part by volume of a 100% activated component which 
were disposed in a flow direction of the mixed gas, whereas 
the catalyst used in the second reaction stage was 
constituted from 0.019 part by volume of a 50% activated 
component and 0.73 part by volume of a 100% activated 
component which were also disposed in a flow direction of 
the mixed gas. The activity of the catalyst was reduced to 
a desired value by diluting with an inert material (steatite 
balls each having a diameter of 3 mm) . The catalyst itself 
was used in the form of tablets each having a size of 3 x 3 
mm. The circulated gas was such a gas obtained by 
substantially completely removing a condensable reaction 
product from the waste gas discharged from the second 
reaction stage by washing. 

Contents of acrylic acid in the resultant condensates, 
acrylic acid yields, conversion rates of propylene and space 
time yields of acrylic acid are shown in Table 2. 
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Table 2 



Examples 


Catalyst 


First reaction stage 


Second reaction stage 


10 


Mo 10 Ni 7 . 5 Cr iFeo . 35 Bi 0 . 83 Sn 0 . 5 
of DOS 2000425) 


MOgW-LViFe-L m 5 ( Belgian 


11 


Mo io Ni 7.5Cr 1 Fe 0 . 35 Bi 0 . 83 Sn 0>5 

on "3 0 TaT-I- St C n O /Fvamnlo 1 

of DOS 2000425) 


Mo 12 V 3#5 Sb 1 on aluminum 
pellets (iixampxe 1 or 
DOS 2038763) 


12 


Mo TJi p r* Fp n -5 rio 
10 7 • 5 1 0.33 0 • 8 3 l 

on 30 wt% Si0 2 (Example 6 
Of DOS 2000420) 


jyiOgW^ v e ^ _ 5 (Deigian 
Patent No. 746202) 


1 


M °10 Ni 10 Co 0.3 Fe l P l Bi l + 1% 

Sm 2 0 3 on 33 wt% aluminum 

silicate (Example 1 of 
Belgian Patent No. 
738250) 


MOgWjViFe^s (Belgian 
Patent No. 746202) 


14 


Mo 1 2Ni 1 Co3Fe 2 Bi 1 P 2 K 0B 2 on 
30 wt% Si0 2 (Example 1 of 
DOS 2020791) 


^o 6 Vl ] y 1 Fe 15 (Belgian 
Patent No. 746202) 


15 


Mo 7 Ni 0<7 Cr 2 Te 0#35 


MOgW^jFe^s (Belgian 
Patent No. 746202) 


16 


Mo 4 W 8 Te 0 9 25 ( British 
Patent No. 1243794) 


Mo 6 w i v i Fe i.5 (Belgian 
Patent No. 746202) 


17 


Mo 4 W 8 Te 0 # 25 ( British 
Patent No. 1243794) 


Mo 12 V 3-5 Sb 1 on aluminum 
pellets (Example 1 of 
DOS 2038763) 
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Table 2 (continued) 



Examples 


Bath temperature (°C) 


Concentration 
of acrylic acid 
in condensate 
(wt%) 


First stage 


Second stage 


10 


362 


260 


52 


11 


390 


420 


39 


12 


360 


260 


51 


13 


390 


260 


50 


14 


390 


260 


52 


15 


400 


270 


47 


16 


365 


250 


53 


17 


365 


410 


51 



Table 2 (continued) 



Examples 


Conversion rate 


Yield of 


Space time 




of C 3 H 6 


acrylic acid 


yield/day per 




(mol%) 


(mol%) 


each tube 






(acrylic acid 








weight part) 


10 


91 


52 


4.0 


11 


76 


39 


3.0 


12 


94 


53 


4.1 


13 


79 


50 


3.9 


14 


62 


44 


3.4 


15 


79 


38 


2.9 


16 


94 


54 


4.2 


17 


90 


52 


4.0 



Comparative experiment for Example 11; 

The same procedure as defined in Examples 10 to 17 was 
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conducted using the same apparatus as used in Examples 10 to 
17 except that 1.12 parts by volume of the 100% activated 
catalyst as described in Example 1 of the laid-open 
publication of German Patent No, 2000425 was used in the 
first reaction stage, and 0.91 part by volume of the 100% 
activated catalyst as described in Example 1 of the laid- 
open publication of German Patent No. 2038763 was used in 
the second reaction stage. A mixture composed of 100 parts 
by volume/hr of propylene , 1200 parts by volume/hr of air 
and 780 parts by volume/hr of water vapor was passed through 
the two reaction tubes connected in series with each other. 
The bath temperature for the tube 1 was set to 362°C, 
whereas the bath temperature for the tube 2 was set to 410°C. 
As a result, there were attained the conversion rate pf 
propylene 92%, the space time yield of acrylic acid of 1.9 
parts by weight /day per each tube, and the yield of acrylic 
acid of 25 mol% relative to propylene. The acrylic acid was 
produced only at a concentration of 14% by weight in the 
resultant condensate. 



22 



AMENDMENT ( VOLUNTARY ) 

February 18, 1972 

Amendment (Japanese Patent Application No. 46-92013(1971)) 
The following amendment to the specification should be 

made. 

1. Insert "in two stages" before "oxidized" appearing 
on page 2, line 8. 

2. Amend "German Patent 16 43 737.9" appearing on 

page 3, lines 11 to 12 to read as follows. 

"Belgian Patent No. 705498 and Japanese Patent 
Application No. 44-1936(1969)" 

3. Amend "German Patent 19 08 965.7" appearing on 

page 4, lines 8 to 9 to read as follows. 

" Japanese Patent Application Nos . 43-22935(1968) and 
45-14864(1970) " 

4. Insert ", bath temperature" after "gas amount" 
appearing on page 14 , line 7. 

5. Amend "(DOS 2000420, Example 6)" appearing on page 
18, Table 2, the column of Example 12 to read as follows. 

"(DOS 2000425, Example 6)" 

6. Amend the description appearing on page 1, line 4 to 
the bottom line (entire sentence of the scope of the 
invention) to read as follow. 

"2. SCOPE OF THE INVENTION; 
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1. A process for producing acrylic acid comprising a 
first reaction stage of oxidizing propylene into 
substantially acrolein in a reaction tube filled with a 
catalyst by using a mixed gas containing an inert diluting 
gas containing elementary oxygen and water vapor; and a 
second reaction stage of further oxidizing the acrolein into 
acrylic acid, wherein the propylene is oxidized under such a 
condition that an initial concentration of the propylene is 
more than 2 mol% based on a starting mixed gas, and at both 
the reaction stages, a space load in each reaction stage is 
controlled to more than 60 L/hr propylene per 1 L of the 
catalyst, 

characterized in that an activity of the catalyst is 
changed through the two stages so as to increase up to 100% 
either continuously or stepwise from an inlet to an outlet 
of the reaction tube along the direction of the reaction 
tube, and a reaction waste gas from which a majority of a 
condensable gas obtained in an outlet of the second reaction 
stage is removed, is re-fed to the first reaction stage in 
place of a part or a whole of the water vapor as the inert 
diluting gas . " 
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